INTRODUCTION
Even in the 21st century, cardiovascular disease (CVD) remains an important public health issue because it is associated with high rates of mortality and morbidity.
[ [1] [2] [3] [4] [5] In addition, the costs of treating and managing these patients are very high, as such patients have a constant need for medical treatment and their management often requires sophisticated and expensive tests. The use of preventive measures, identification of highrisk groups, [7] early diagnosis, and treatment of women presenting with cardiovascular problems can all have a significant influence on reducing cardiovascular mortality, morbidity, and treatment costs, as has been shown in various countries.
For a long time, it was thought that CVD predominantly affects men. However, over the last two decades, it has been revealed women have higher rates of cardiovascuar morbidity and mortality. For example, 49% of European women die from CVD, compared with 41% of men.
[3] At present, the basic statistical facts are as follows: • Worldwide, one-third of all deaths among women are due to CVD, with up to 8.6 million women dying from CVD each year. Furthermore, stroke kills more women than men (11% vs. 8.4%).
• More than two-thirds (approximately 42%) of women who have heart attacks die within 1 year, compared with 24% of men.
• Under the age of 50 years, women have double the risk of death after a heart attack than men.
• Heart attack and heart failure kill 6 times more women than breast cancer every year.
By the end of the 1990s, cardiovascular morbidity in women started to drew particular attention, leading to studies and intensive work by the world's top cardiology societies. At the European Society of Cardiology 2005 conference, for example, very interesting data were presented about the situation in Europe.
[9] It was revealed that:
• Women are underrepresented in cardiovascular research and trials.
• Women are less likely to analyze the influence of their risk factors on morbidity and mortality rates, and awareness about CVD among women is low.
• Women are less likely to undergo primary and secondary prevention.
• Women seek medical care less often than men.
• Fewer women than men undergo diagnostic tests, which results in a delay in diagnosis and a resulting delay in treatment.
Currently, the following categories of women's cardiovascular health are provided in modern guidelines: [10, 11] High risk (at least one high-risk state): clinical manifestations of coronary heart disease, cerebrovascular disease, peripheral arterial disease, abdominal aortic aneurysm, end-stage or chronic kidney disease, diabetes, coronary heart disease with a 10-year risk > 10%.
At risk (at least one risk factor from the following): tobacco consumption, arterial hypertension (systolic pressure > 120 mmHg, diastolic pressure > 80 mmHg, or treatment with antihypertensive drugs), total cholesterol > 200 mg/dL, high-density lipoprotein cholesterol < 50 mg/dL or treatment of dyslipidemia, obesity (especially central obesity), poor nutrition, low physical activity, family history of premature CVD occurring in a first-degree relative in men aged < 55 years or women aged < 65 years, the metabolic syndrome, evidence of subclinical atherosclerosis, poor exercise capacity on treadmill test and/or abnormal heart rate recovery, systemic autoimmune collagen vascular disease (e.g. lupus, rheumatoid arthritis), history of pre-eclampsia, gestational diabetes, or pregnancy-induced hypertension.
Ideal cardiovascular health: total cholesterol < 200 mg/dL, arterial blood pressure < 120/80 mmHg, fasting glucose < 100 mg/dL, non-smoker, healthy diet.
Raising awareness of gender-specific risk factors will have an impact on women's cardiovascular health. The purpose of this article is to evaluate the modern views with respect to the diagnostic tools used to determine ischemia in women.
PATHOPHYSIOLOGICAL FEATURES OF MYOCARDIAL ISCHEMIA IN WOMEN
In general, the pathophysiological features of myocardial ischemia differ in women and men. There is a significant amount of data implicating the influence of sex hormones on the presentation of chest pain and electrocardiograph (ECG) changes.
In the mid-1990s, the US National Heart, Lung, and Blood Institute sponsored the Women's Ischemia Syndrome Evaluation (WISE) study, one of the cornerstones in the evaluation of myocardial ischemia in women, [12] which assessed 936 women with chest pain. The aims of the study were to optimize the evaluation of symptoms and diagnostic tests; to explore the mechanisms of symptoms and of myocardial ischemia in the absence of epicardial coronary artery stenosis; and to evaluate the influence of reproductive hormones on symptoms and the results of diagnostic tests.
[12-14]
The results of the study were published in scientific papers over a long period of time. Based on these results, four groups of women with chest pain have been described:
1. Women with severe obstructive coronary artery disease (CAD) and myocardial ischemia.
2. Women with obstructive CAD but without myocardial ischemia.
3. Women without obstructive CAD but with myocardial ischemia.
4. Women without obstructive CAD and without myocardial ischemia.
One of the conclusions of the WISE study: quality of life is determined more by chest pain than by the presence of myocardial ischemia.
Women falling into the above categories present daily at medical facilities with chest pain, dyspnea, or other symptoms, and the proper differentiation of any underlying conditions will determine the need for further investigations and the most appropriate treatment options. These underlying conditions are macrovascular diseases, obstructive coronary atherosclerosis, and microvascular disease.
Among the women included in the WISE study, 37% did not have angiographic evidence of obstructive CAD; rather, they presented with normal or nearly normal coronary arteries (< 20% stenosis). In 25% of women, non-obstructive CAD was found (at least one 20-50% stenosis). And in 38% of patients included in the study, severe obstructive CAD was revealed (> 50% stenosis). Therefore, 62% of women with angina included in the study did not have severe obstructive CAD. Similar results have been obtained in other studies. In 2015, Lee et al. [15] published the results of a prospective study that evaluated patients with non-obstructive CAD. Overall, 77% of patients in the cohort were women; 44% of all patients had endothelial dysfunction, 21% had microvascular impairment, and 5% had a reduced fractional flow reserve. In 23% of cases, it was not possible to determine the cause of coronary symptoms. This study confirmed the results of previous studies [16] [17] [18] indicating that while the symptoms of CAD are well understood, women tend to develop symptoms 10-15 years later than men, and have more risk factors by the time of symptom onset. The study by Lee et al. [15] did not evaluate the influence of hormonal factors on the clinical presentation of symptoms.
Thus, an incomplete understanding of the sex-specific physiology of myocardial ischemia and underdeveloped diagnostic and treatment options may lead to the inadequate management of a large proportion of the population and a large number of women without signs of obstructive CAD at coronary angiography presenting with symptom-related disability. All of this consumes a considerable amount of healthcare resources.
[6]
A European study published in 2012 found that angina in patients with normal blood vessels or non-obstructive atherosclerosis was associated with an increased risk of the combined endpoint of cardiovascular death, hospitalization due to myocardial infarction, heart failure, or stroke of up to 52% in the case of patients with normal coronary arteries and 85% in those with non-obstructive coronary atherosclerosis. In addition, these patients had an increased risk of all-cause mortality of up to 29% and 52%, respectively, with no differences between men and women.
[19] Such physiological patterns have also been reported in other studies evaluating invasive and non-invasive coronary flow reserve. [20, 21] All of these findings demonstrate the importance of evaluating and managing women with non-obstructive CAD.
Morphological studies have shown that the development of myocardial infarction is based on plaque rupture, plaque ulceration, and plaque calcification.
[22] Plaque erosion/ulceration is another pathophysiological mechanism of myocardial infarction. In this case, damage of the integrity of the plaque cap leads to the development of a thrombus, with emboli from the plaque travelling to areas distal to the plaque and eventually blocking the lumen of the vessel. In most cases, this mechanism underlies the development of myocardial infarcts in women, and this type of nonobstructive atherosclerosis of coronary arteries is found more commonly in women with myocardial infarction than in men. The difference between men and women also exists in stable coronary syndromes. As noted above, in the WISE study, only 38% of women with a stable coronary syndrome had severe obstructive CAD, and the rest (62%) showed evidence of non-obstructive CAD. 
CORONARY MICROVASCULAR DYSFUNCTION
Myocardial ischemia is usually caused by narrowing of epicardial coronary arteries. Over the past 30 years, however, many studies have revealed that impaired coronary microcirculation can also lead or contribute to the development of ischemia of myocardial cells.
Most of the articles published on myocardial ischemia have been designed to evaluate coronary obstruction and to determine strategies for the early detection of obstructive CAD. However, there is lack of research on detection of ischemia in patients with normal or non-obstructive coronary arteries, which mainly present in women. As previously mentioned, women are less likely than men to undergo diagnostic or preventive measures. Since the 1980s, the information about microvascular disease has expanded. In 2007, Camici and Crea [23] evaluated clinical settings in which myocardial ischemia occurs and proposed a classification of coronary microvascular dysfunction (CMVD) based on the underlying diseases in which it occurs (e.g. obstructive CAD, cardiomyopathy, and systemic diseases). Their classification is as follows:
• Class 1: CMVD in the absence of obstructive CAD and myocardial diseases.
• Class 2: CMVD in the presence of myocardial diseases.
• Class 3: CMVD in the presence of obstructive CAD.
• Class 4: CMVD caused by coronary recanalization (i.e. iatrogenic).
In an everyday setting, it is very difficult to distinguish the forms of CMVD because small coronary arteries cannot be visualized by angiography. During invasive investigations, complex, time-consuming, and costly methods are required to carefully assess the function of the coronary microcirculation. In patients suspected of having microvascular angina, accepted hallmarks of myocardial ischemia, such as stress-induced left ventricular contractile alterations, [23] [24] [25] [26] are usually undetectable. A sparse distribution of myocardial ischemia in a patient presenting with CMVD is, on one hand, sufficient to produce ECG changes and myocardial perfusion defects on single-photon emission computed tomography (SPECT); but, on the other hand, might not result in detectable contractile abnormalities because of normal function of the surrounding myocardial tissue.
EVALUATION AND DIAGNOSIS
The high incidence of cardiovascular death in women, particularly due to CAD, raises the need for the early evaluation of women at increased risk in order to determine the optimal therapeutic strategies. Coronary angiography remains the reference standard for diagnosing ischemic heart disease. However, it has very low possibilities to evaluating patients with microvascular angina. Because the majority of patients with microvascular dysfunction are women, it is very important to determine which tests are of value for their evaluation. Coronary angiography cannot provide information about the severity and extent of ischemia. Thus, in women, non-invasive tests that save money and reduce periprocedural risks, are of particular value.
The simplest formula -ischemia is mismatch between oxygen demand and delivery -indicates the importance of the direct visualization of ischemia in women, particularly because the rate of microvascular angina is higher in women than in men. Exercise stress testing remains the basis for the evaluation and riskstratification of patients with suspected CAD. It is a valuable and informative tool in both men and women. However, the accuracy of interpreting the test depends not only on ST-segment changes, but also on the double product, heart-rate recovery time, and so on. To accurately interpret the results of the test, the pretest probability of the patient having ischemic heart disease and her hormonal state should be considered. It is well known that during the physical exercise test (treadmill or veloergometer), increased oxygen demand and energy consumption lead to ECG changes. [28] [29] [30] [31] [32] It is also well known that an exercise stress test has relatively lower sensitivity and specificity for diagnosing ischemia. Meta-analyses have indicated that there are frequent false-positive and false-negative results, and that this test is more valuable in young patients compared with older ones. [29, 30] This view has been echoed in other meta-analysis. [32, 33] An analysis of ECG results acquired during exercise stress tests found sensitivity and specificity of 64% and 81%, respectively, in men, compared with 61% and 65%, respectively, in women --quite a big difference in specificity between men and women. Analyses for other imaging modalities have found sensitivities and specificities, respectively, of: 77% and 81% for men compared with 78% and 86% for women for stress echocardiography; 88% and 74% for men compared with 82% and 81% for women for SPECT; and 86% and 82% for men compared with 78% and 74% for women for magnetic resonance imaging (MRI).
[33] In all of these studies, the standard for diagnosis (and comparison) was coronary angiography and the presence of obstructive CAD.
But how about the detection of microvascular disease? Angiography cannot record it. Is there a standard for diagnosing microvascular disease? To answer these questions, the physiology of tests should be considered. The major advantage of the exercise ECG is that it is inexpensive, and therefore readily and widely available. However, quantification of the extent of microvascular dysfunction is not possible.
Direct visualization of the blood supply and hence ischemia is possible only by studying perfusion via the well-established tool SPECT and the emerging tool MRI.
The advantages of SPECT stress perfusion images include direct visualization of ischemia, high interobserver agreement, low operator dependence, a high technical success rate, high sensitivity, better accuracy when multiple resting left ventricular motion abnormalities are present, and the ability to detect ischemia in an infarct area. Higher specificity, and greater availability, versatility, and (arguably) convenience favor the use of stress echocardiography over SPECT. [33] [34] [35] However, the lower specificity of SPECT compared to stress-echocardiography may correspond to the presence of microvascular disease, which does not currently have clear diagnostic criteria. Data regarding the use of MRI in this context remain limited and insufficient. However, it is seems promising.
Quantitative rest/stress myocardial perfusion imaging [best documented using positron emission tomography (PET)] combined with clinical circumstances usually provides a definitive direct visualization of ischemia, and is therefore a highly informative tool in the diagnosis of patients and guiding management, including riskfactor management and revascularization for patients with physiologically severe epicardial stenosis by quantitative PET.
[36]
Compared with negative tests, a positive result on computed tomography angiography (CTA) in women has been found to be more predictive of subsequent clinical events than a positive stress test (adjusted P = 0.028).
[32] Among men, a positive CTA was slightly but not significantly less informative of risk detection than a positive stress test (adjusted P = 0.168).
[28, 37, 38] However, all of these results, and all of the sensitivity and specificity data, refer to the evaluation of patients with obstructive CAD. There are very few data on the value of these tests in diagnosing microvascular angina, and this represents a main limitation of current research.
Evaluating women with chest pain seems to be difficult, with various pathophysiologic mechanisms behind the condition, diverse clinical presentations, and limited diagnostic standards. Hence there is no single test that will definitely diagnose ischemia due to microvascular disease in women.
[39] Even after a normal exercisestress test, further testing may be needed to gain important diagnostic information. Further research is aimed for optimizing the non-invasive identification and management of CMVD in such patients.
